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Abstract 
Bearing in mind the co-evolution nature of transition to a sustainable low carbon system, in this paper, we define a 
new “co-evolution approach” and implemented it as an R&D funding program of JST-RISTEX. Through the 
examination of R&D project results, we found that our socio-technological co-evolution approach is effective for 
involving both academia and local stakeholders at the early stage of scenario building (co-design) and motivating 
them to commit sustainable local actions together (co-production). This approach initiated by our R&D program is a 
valuable endeavor implemented even ahead of the “Future Earth” international research initiative for sustainability 
under the International Council for Science (ICSU). 
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1. Background and Objectives 
It has been internationally agreed to reduce annual world greenhouse gas (GHG) emission to half of its 
1990 value by the year 2050, which corresponds to a 70–90% reduction for developed countries. The 
Government of Japan agreed to set a long-term target of 80% GHG emission reduction by 2050 at the G8 
L’Aquila Summit in 2009.  
Although various scenario studies have done internationally to achieve such a high CO2 reduction 
target, almost all the scenarios developed so far have covered only the technological aspect of socio-
technological issues of HCS (high CO2 emission system) and LCS (low CO2 emission system). They have 
been developed mainly by modeling experts to support government decision making with assumptions of 
optimal and cost-efficient use of energy technologies counting much on globally traded resources. As 
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Hughes and Strachan [1] point out, such a linear model is premised on the assumption that a “strong” 
policy can bring about socio-technical change. However, in reality, the transition to LCS can be brought 
about by the interactions between technology, policy, and their social response to, for example, the 
market and general public, and not by any “one-way” process. This is why even the strong policies 
applied so far have been unsuccessful in bringing about any change.  
In this paper, we first develop a new low-carbon scenario of the “co-evolution” type in contrast with 
the conventional “one-way” type. Then we examine the implementation results of such scenarios through 
R&D projects undertaken as a part of the JST-RISTEX Environment-Energy R&D program from FY2008. 
2. Definition of “Co-evolution” Approach 
The “co-evolution” approach comes from various strands of thinking in science and technology studies, 
evolutional economics, industrial economics, and sociology. Literature on technological transitions 
describes it as a “socio-technical transitions approach,” but it has been criticized from an actor-focused 
approach for its limited focus on actors and their significant roles in the transition [2]. The other criticism 
is its considerable reliance on bottom-up dynamics where radical innovations are generated in micro-level 
“technological” niches [3]. Since the competitive niche-innovations should be well developed as they 
enable effective interactions at the meso (socio-technical regime) and macro (socio-technological 
landscape) level, Foxon [4] claims that the sociological perspective should be complementally included in 
the analysis of the alignment between social and technical elements. However, previous approaches tend 
to look solely at technology and market dimensions and to have a technology-push character, and a 
transition road map design pertaining to the cultural and demand side (e.g., consumer lifestyle and 
preferences) is yet to be developed. We imagine that organizing technological system innovation as a 
basic foundation of sociological innovation could push forward social system transitions. We term this 
approach as “socio-technological innovation.” 
To achieve socio-technological innovation of such a tightly chained modern society, “co-evolution” of 
social subsystems including governmental, institutional, legal, financial, economical, vocational, 
educational, civil, and individual is the necessary approach. Here, we define the “co-evolution approach” 
in contrast with the conventional one-way and technology-pushed approaches that can only make partial 
innovation. The co-evolution approach is also characterized by a comprehensive solution to various 
localized problems arising from HCS. We believe that this aspect is essential to ensure stakeholders’ 
involvement. To ensure that the process is effective, it is significant to involve stakeholders in a transition 
project from the scenario design stage (i.e., co-design) through the implementation process. In the 
implementation process, it is also important to utilize locally accessible, but effective technologies, based 
on local climate as well as financial capacity (i.e., appropriate/alternative technologies) and locally 
available resources (including human resources). Starting from the local level, this approach should be 
effective and efficient to bridge socio-technological innovation at micro level to meso and macro level 
change in the long run. 
3. Method and Results 
3.1. R&D program as a social experiment of socio-technological co-evolution scenario applications 
To examine the effectiveness of socio-technological co-evolution scenario defined above, JST-RISTEX 
initiated a challenging five-year environment-energy program entitled “Community-based Actions against 
Global Warming and Environmental Degradation” from FY 2008. Throughout FY 2007, the program was 
designed on the basis of the “co-evolution socio-technical scenario” assumption. The following 
requirements were entailed for each project proposal: 1) to set its goal to provide solutions to various 
localized problems arising from HCSs; 2) to approach its goal by developing socio-technological 
1440   Sawako Shigeto et al. /  Energy Procedia  61 ( 2014 )  1438 – 1441 
innovation (i.e. to build a socio-technological scenario); 3) to apply appropriate/alternative technologies, 
without counting on future challenging technologies, and utilize locally available resources as much as 
possible; 4) to co-design its scenario by collaborations among different disciplines as well as different 
social sectors; and, for projects under the condition of social experiment, 5) to be regionally implemented 
as local actions to examine the effectiveness of the scenario. We also set the following priority social 
issues to be tackled as a program: (a) rural regeneration, (b) middle-sized cities revitalization, (c) low 
carbon supply chain innovation, and (d) human resource development. Then, in total, 17 project proposals 
were accepted during the first 3 years, and 7 of them were projects with social experiments.  
3.2. R&D project results 
Table 1 shows socio-technological scenarios developed by projects with social experiments. Co-
evolution results are examined by the level of emergence of positive change in involved stakeholders, as 
well as by checking if it is well balanced to bring positive effects to a region or society. Four projects 
tackled with (a) rural regeneration. Technological scenario is aimed to achieve massive CO2 emission 
reduction by mass rural remigration on the premise of maximum utilization of renewable resources in the 
rural area. However, to bring about this shift in the society, realizing scenarios are needed, such as 
realistic migration simulation and migration rule development (Project A), job creation for settlement 
(Project B), establishment of local energy enterprises (Project C), and renewable energy demonstration 
(Project D). Social experiments were implemented involving local citizens, local government, local 
nonprofit organizations (NPOs), etc. However, we particularly recognized the difference among the 
projects by examining the co-evolution results, depending on the degree of involvement and mutual 
learning of local government and local citizens. In this context, Project E, which tackled with (b) middle-
sized cities revitalization, succeeded in achieving local transdisciplinary networking around local 
university by involving various local stakeholders, including the local government, into design and 
production processes of a new concept of low carbon transportation system as well as lifestyle (e.g., slow 
EV, bamboo fence). Project F developed a scenario to lead (c) low-carbon supply chain innovation 
through consumer-supplier collaboration and mutual learning to introduce eco-products for mutual 
advantage. Project G developed a scenario to revitalize forest and forest industry through the forest-town 
direct marketing of passive chemical-free wood and natural material house, achieved by collaboration of 
foresters, lumberers, house designers, and clients. Although we recognize the positive change, particularly 
in business entities, further development is needed to make a leap from a niche to the main stream. 
Human resource development (d) was also an important issue underpinning local low carbon transition. 
The previous scenario was sectorial or based on the individual stakeholder approach. Projects H and I 
developed scenarios for innovative human resource development across sectors and stakeholders for local 
co-evolution foundation. We found from the social experiments that the co-evolution scenario was quite 
effective, but the local government involvement is necessary for further development. 
4. Conclusion 
Bearing in mind the co-evolution nature of transition to a sustainable low carbon system, in this paper, 
we define a new “co-evolution approach” and implemented it as an R&D funding program of JST-
RISTEX. Through the management and examination of R&D projects, we found that our socio-
technological co-evolution approach, involving both academia and local stakeholders from the early stage 
of scenario building (co-design) and motivating them to commit sustainable local actions together (co-
production), was quite effective in changing the strong inertia of current modern HCSs. 
The International Council for Science (ICSU) is currently developing a new international research 
initiative called the “Future Earth” for responding effectively to global environmental change and 
supporting a transformation toward global sustainability. The proposed research framework is 
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1) Social 
issues Project 
2) Socio-technological scenario 
(as a transition approach) 
3) CO2 emission reduction 
scenario 4) 5) Involved stakeholders through local actions 
(co-design and  
co-production) 
Co-evolution 
results* 
 
Appropriate/ 
Alternative 
technology 
Locally 
available 
resources 
(a) Rural 
regeneration 
A 
Realistic migration simulation and 
migration rule development 
(at the community level) 
Rural 
remigration 
Renewable 
energy 
Local citizens, Local 
government, Regional research 
center, etc. 
++ 
B Job creation for settlement Local citizens, Local NPOs, National research center, etc. + 
C Establishment of local energy enterprises 
Local citizens, Local 
government, University, etc. +++ 
D Micro hydro demonstration Local citizens, NPOs, Local University, etc. + 
(b) Middle-
sized cities 
revitalization 
E Local transdisciplinary networking 
Slow EV 
Bamboo fence 
Renewable 
energy 
Local citizens, Local 
government, Local university, 
Local NPOs, Local media, 
Local finances, etc. 
+++ 
(c) Low 
carbon supply 
chain 
innovation 
F Consumer-supplier collaboration 
Mutual 
learning 
platform 
Eco-
products 
Consumers, Local retailers, 
Local university, Local NPOs, 
Local media, etc. 
+++ 
G Direct marketing business model Natural wood house 
Sustainable 
forestry 
Consumers, Non-profit 
businesses, Local NPOs, etc. + 
(d) Human 
resource 
development 
H Network-based mutual learning system 
Low carbon 
projects 
Human 
resources 
Local citizens, Local 
government, Universities, 
Local businesses, Local NPOs, 
etc. 
++ 
I Local transdisciplinary networking 
Energy 
checker 
Energy 
saving 
Local citizens, Local 
government, Local businesses, 
Universities, Local NPOs, etc. 
++ 
characterized by the following two approaches: “co-design” and “co-production” with stakeholders. Our 
R&D program has been implemented ahead of this initiative. The co-evolution approach initiated by our 
R&D program is a valuable endeavor pre-empting the “Future Earth” international research initiative. 
Table 1. Developed “socio-technological scenarios” and co-evolution results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note 1: The stakeholder underlined is the representative institution of the project. 
Note 2 (*): +++: Highly recognized and well-balanced, ++: Partially well recognized, +: Partially moderately recognized. 
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